Background-The relation between home dampness and respiratory symptoms among adults is well confirmed, but data on specific allergic diseases and respiratory infections is more limited. Individual factors that may enhance susceptibility to the eVects of home dampness are mainly unknown. Methods-The association between home dampness and current physician diagnosed asthma, allergic rhinitis, allergic conjunctivitis, atopic dermatitis, common colds, and bacterial respiratory infections was studied in a questionnaire survey of 10 667 Finnish first year university students aged 18-25 years. The dampness categories analysed were visible mould and visible mould or damp stains or water damage during the last year. In multivariate analyses adjustment was made for parental education, active and passive smoking, type and place of residence, pets, and wall to wall carpets. The interaction eVect of atopic heredity and dampness was investigated. Results-Visible mould or damp stains or water damage was reported by 15.0% of the respondents. In multivariate models there was a positive association between home dampness and current asthma, allergic rhinitis, and atopic dermatitis, as well as common colds >4 times per year and other respiratory infections, but not between home dampness and allergic conjunctivitis. The strongest association was found between exposure to visible mould and asthma (OR 2.21, 95% CI 1.48 to 3.28) and common colds (OR 1.49, 95% CI 1.18 to 1.87). The risk of current asthma in damp homes was highest among subjects with atopic heredity. Conclusions-The risk of current asthma, allergic rhinitis, and atopic dermatitis was higher in damp homes. Of the respiratory infections, the risk of common colds was most clearly increased. (Thorax 2001;56:462-467) 
Even in the cold dry climate of northern Europe, people are frequently exposed to damp living 1 and direct or indirect eVects of home dampness may lead to respiratory or allergic disease or persistence of symptoms. In population studies among adults, after adjusting for social status, possible over-reporting of symptoms, and eVects of active and passive smoking, a positive association has been established between home dampness and respiratory symptoms. [2] [3] [4] [5] In addition, some studies have related home dampness to a greater risk of respiratory infections. 5 6 There are few data on the association between dampness and specific atopic disease in adults, 5 and these report an association with asthma 3 4 7 and with selfreported atopic eczema and allergic rhinitis. 5 The mechanisms by which home dampness is associated with respiratory symptoms and disease are apparently numerous. Sensitisation to house dust mite 8 and moulds, 9 the growth of which is favoured by home dampness, nonspecific inflammatory mechanisms promoted by exposure to bacterial and mould cell wall products, 10 and irritant eVects of volatile substances 11 emitted by moulds have been suggested. The diVerent health outcomes such as asthma and respiratory infections promoted by dampness can mainly be defined by individual factors. There is evidence for a greater risk of respiratory symptoms in atopic children exposed to moulds, 8 12 but the individual characteristics which predispose to the eVects of home dampness are mainly unknown.
Using a validated questionnaire, we studied the association between reported home dampness and current asthma, allergic rhinitis and conjunctivitis, atopic dermatitis, common colds, and other respiratory infections in 10 667 Finnish first year university students aged 18-25 years. The influence of the interaction between atopic heredity and dampness on the diseases was investigated.
Methods

STUDY SUBJECTS
A postal questionnaire was sent to all 14 212 first year university students in 1995-1996 in Finland, and data were obtained from 10 667 (response rate 75.0%). Of these, 4164 (39.0%) were men and 6503 (61.0%) were women. The mean (SD) age of the respondents was 20.9 (1.6) years (range 18-25).
QUESTIONS ON HOME DAMPNESS AND OTHER EXPLANATORY VARIABLES
Questions on possible explanatory variables of asthma and allergic disease, including questions on home dampness, were assessed. The questions on dampness were as follows: (1) "Have you had mould growth on the surfaces of any of your dwellings during the last year?" (2) "Have you had damp stains, for example, on the walls or on the ceilings of any of your dwellings during the last year?" (3) "Has there been a leak or water damage in any of your dwellings during the last year?" Two definitions of home dampness were then formed: visible mould (a positive response to question 1), and visible mould or damp stains or water damage (questions 1, 2, or 3) in the home within the last year.
Confounding factors were selected by preliminary analysis (table 1) . Parental education as a measure of the socioeconomic status of the family was defined on three levels: the low level of parental education included unskilled, semiskilled or skilled workers, and the high level consisted of university graduates. Current smokers were analysed against ex-smokers (gave up smoking at least 6 months ago) and lifetime non-smokers. Passive smoking included subjects with daily exposure to other person's smoking at home. Ownership of furry pets or birds, wall to wall carpets, and living with 0-4 persons compared with >5 persons during the previous year were analysed. Place of residence was regarded on three levels: farm, rural non-farm, and urban residence during the previous year. Living in a block of flats was compared with a one family and terraced house, wooden houses were compared with houses made of concrete or brick, houses built before 1970 were compared with newer ones, and electrical heating was compared with other forms of heating such as wood stove or central heating.
QUESTIONS ON ASTHMA, ATOPIC DISEASES, AND RESPIRATORY INFECTIONS Current diseases were assessed by positive answers to the following questions 13 
:
Current asthma + "Have you ever had asthma?" + "If so, has a doctor diagnosed the disease?" + "Have you had symptoms of asthma or wheezing during the last year?"
Current allergic rhinitis + "Have you ever had "hay fever" or other allergic nasal symptoms (sneezing, itchy, runny nose) from pollen or animals?"
Current allergic conjunctivitis + "Have you ever had allergic eye symptoms (watering, itching, redness, swelling of the eyelids) from pollen or animals?"
Current atopic dermatitis + "Have you ever had an itchy rash called atopic eczema or eczema in the folds of the elbows or behind the knees?"
In addition, reports of a doctor's diagnosis and symptoms during the last year for each atopic disease were requested. The occurrence of common colds and other respiratory infections was assessed by asking the question: "During the past year did you have flu without fever or flu with fever 0 times, 1-3 times, 4 times, or more often?" The frequency of infections suspected to be of bacterial origin was determined from the question: "During the past year did you have an infection in the lungs (pneumonia), in the bronchi (bronchitis), in the sinuses (sinusitis), in the middle ear (otitis media), or in the adenoids (tonsillitis) 0 times, 1-3 times, 4 times, or more often?" Days on antibiotic treatment were graded as follows: none, <10 days, 10-59 days, >60 days per year.
VALIDATION OF QUESTIONS ON CURRENT ASTHMA AND ATOPIC DISEASES
Questions on current asthma and atopic diseases were validated in a clinical subsample of 290 subjects with asthmatic symptoms during their lifetime. The validity measures were calculated after weighting the clinical subsample by the proportion of subjects with asthmatic symptoms in the original questionnaire study.
14 Criteria for current asthma included asthmatic symptoms during the last year at chest physician's interview and obstructive spirometry or positive methacholine challenge. The specificity of current asthma was 0.99 and the sensitivity was 0.18. Criteria for current allergic rhinitis and conjunctivitis included symptoms during the last year at interview and at least one positive skin prick test result (>3 mm) or specific IgE (RAST class >1) in Phadiatop Combi (Pharmacia Upjohn, Sweden). The specificity of current allergic rhinitis was 0.96 and the sensitivity 0.40. For allergic conjunctivitis the specificity and sensitivity were 0.98 and 0.25, respectively. When analysed against current atopic dermatitis at dermatologist's examination, the specificity of current atopic dermatitis was 0.95 and the sensitivity 0.23.
ANALYSIS OF DATA
Subjects with current physician diagnosed asthma, allergic rhinitis, allergic conjunctivitis, or atopic dermatitis were compared with the others in each disease category. Subjects who had a common cold >4 times per year were compared with those with less frequent common colds, subjects who had at least one respiratory infection suspected to be of bacterial origin (pneumonia, bronchitis, sinusitis, otitis media, and tonsillitis) were compared with those without any of these infections, and subjects receiving antibiotic treatment on <10 days during the previous year were compared with those treated with antibiotics for at least 10 days. Explanatory variables that were significantly related to home dampness in any of the two dampness categories were added to the multiple logistic regression analyses by stepwise method. Parental education and active smoking were also included. Variables that were significantly associated with at least one disease in the multivariate analyses were then tested, and thus parental education, active and passive smoking, pets, wall to wall carpets, place of residence (farm, rural non-farm, urban), and type of residence (block of flats versus the others) were included. The interaction eVect of home dampness and atopic heredity was also tested. The independent associations between the diseases and the two home dampness categories and the other explanatory variables were expressed as odds ratios (OR) with 95% confidence intervals (CI). p values of <0.05 or CIs not including 1.0 were regarded as significant. The analysis was performed by SAS System for Windows, release 6.12/1996 (SAS Institute Inc, 1996).
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Results
Of the subjects who responded, 4.9% (517/ 10 640) reported visible mould in the home within the last year, 12.2% (1301/10 648) reported visible mould or damp stains, and 15.0% (1602/10 649) reported visible mould or damp stains or water damage. When subjects in the highest category of home dampness were compared with those in homes without dampness, the occurrence of current asthma was 4.3% v 2.8% (p=0.002), current allergic rhinitis 16.2% v 13.4% (p=0.003), current allergic conjunctivitis 8.8% v 8.0% (p=0.278), and current atopic dermatitis 9.4% v 7.5% (p=0.008); 15.7% v 12.6% (p=0.001) reported four or more common colds during the last year and 37.2% v 34.0% (p=0.015) reported having at least one of pneumonia, bronchitis, sinusitis, otitis media, or tonsillitis.
The possible confounding variables associated with home dampness (visible mould or damp stains or water damage) are shown in table 1. Pets, wall to wall carpets, and electrical heating were more common in homes with dampness. Subjects with home dampness lived more often in a one family or terraced house, in a rural area, and in large households.
Data on the association between the diseases and exposure to visible mould and to visible mould or damp stains or water damage are shown in table 2. In both categories of home dampness there was a positive association between damp living and current asthma and allergic diseases. In the multivariate analyses adjustment was made for parental education, current active and passive smoking, pets, wall to wall carpets, place of residence (farm, rural non-farm, urban), and type of residence (block of flats v one family and terraced houses). The significant positive association between the two categories of home dampness and current asthma, allergic rhinitis, but not that of allergic conjunctivitis (table 2) was confirmed in the multivariate analysis. Current atopic dermatitis was independently associated with home dampness in the analysis, including the wider definition of home dampness (table 2) .
Current asthma, allergic rhinitis, allergic conjunctivitis, and atopic dermatitis were significantly negatively associated with the presence of pets (adjusted OR from 0.33 to 0.68) and wall to wall carpets (adjusted odds ratios from 0.40 to 0.69). Among those who lived on a farm, the risk of current allergic rhinitis (OR 0.74, 95% CI 0.56 to 0.99) and conjunctivitis (OR 0.53, 95% CI 0.35 to 0.82) was lower. A high level of parental education increased the risk of allergic rhinitis (OR 1.17, 95% CI 1.01 to 1.35) and conjunctivitis (OR 1.28, 95% CI 1.07 to 1.54). Current active and passive smoking were not related to asthma and allergic rhinitis. Allergic conjunctivitis was negatively associated with active smoking (OR 0.85, 95% CI 0.77 to 0.95) and atopic dermatitis was negatively associated with passive smoking (OR 0.62, 95% CI 0.45 to 0.86).
The impact of atopic heredity on the association between home dampness and the diseases is shown in table 3. Exposure to home dampness was related to current asthma among subjects with parental asthma or atopic disease, but not among those without atopic heredity. The interacting eVect of parental atopic disease and home dampness on current asthma was statistically significant (p=0.033). There was a fairly strong positive association between the number of common colds (>4 during last year) and home dampness (excess of 29-48%, table 2) and a weak negative association between dampness and residence in a block of flats (OR 0.83, 95% CI 0.74 to 0.95). The association between home dampness and common colds was strongest among subjects without atopic heredity (table 3) . The interacting eVect of non-atopic heredity and home dampness on common colds did not, however, reach statistical significance (table 3) .
Table 2 Association of current asthma, allergic diseases, and respiratory infections with home dampness during last year in two dampness categories (crude and adjusted odds ratios (OR) with 95% confidence intervals)
The association between reported respiratory infections such as pneumonia, bronchitis, sinusitis, otitis media, and tonsillitis and home dampness was shown only in the home dampness category with visible mould or damp stains or water damage (table 2) . Current smoking was a stronger predictor of these respiratory infections than home dampness (OR 1.19, 95% CI 1.12 to 1.26), but it was not a predictor of common colds (OR 1.05, 95% CI 0.97 to 1.14). There was a positive correlation between visible mould or damp stains or water damage and at least 10 days on antibiotic treatment (p=0.001). Of subjects with atopic heredity 32.6% v 28.5% (p=0.030) had taken antibiotics for at least 10 days during the previous year, compared with 26.1% v 22.7% (p=0.028) of those without atopic heredity. Subjects with atopic heredity were treated significantly more often with antibiotics (p<0.001) but no interaction between atopic heredity and home dampness on antibiotic use could be shown (p=0.799).
Discussion
HOME DAMPNESS AND ALLERGIC DISEASES
In this study of young Finnish adults the risk of current asthma was about twice as high when exposed to home dampness. The positive association between home dampness and current allergic rhinitis and atopic dermatitis was weaker, and no such relation was found with current allergic conjunctivitis. Neither the definition of dampness nor factors related to housing and environment made major changes to the results. There was a significantly greater risk of current asthma in subjects with both a genetic predisposition to asthma or atopy and exposure to dampness.
The length of exposure, prevalence of dampness, and definitions of diseases have varied in diVerent studies, and all these factors influence the reported risk. We considered the reporting of visible mould, damp stains and water damage to be reliable only for the previous year and analysed subjects with currently symptomatic diseases confirmed by a physician. The presence of mould or dampness in the home was lower than in many other European reports, but comparable to another Finnish questionnaire survey among adults. 5 The low prevalence of mould problems (15.0% reported mould or damp stains or water damage) and current diseases evidently led to weaker associations than in studies with more frequent mould problems 3 4 or those using lifetime selfreported diseases. 5 The study by Pirhonen et al 5 was designed to investigate only symptoms and reported a somewhat larger risk of allergic rhinitis and eczema, but the risk of asthma was not influenced by home dampness. The twofold risk of asthma reported in this study was comparable to that found in three other studies. 3 4 16 Reporting bias may be introduced and would mainly concern exposure to home dampness. We included several housing characteristics, some of which have earlier been related to measures of mould levels in the indoor air. In a Swedish study indoor Aspergillus levels correlated with wall to wall carpets, 12 and in an Australian study high amounts of fungal propagules in indoor air were related to the presence of pets and wall to wall carpets. 17 In the present study there were more pets and wall to wall carpets in households with home dampness, thus indirectly suggesting reliability of self-reporting of damp problems. On the other hand, the association between reported visible mould and high levels of specific fungal spores 9 and ergosterol 17 as a marker of cumulative fungal exposure is well established.
The habit of ill people and physicians to seek an explanation for symptoms might lead to overestimation of the association between home dampness and disease. In England both asthmatic and non-asthmatic subjects tended to underestimate the mould problem when compared with professional assessors, 7 but overestimation of symptoms occurred in subjects investigated for a damp problem. 2 8 In adults the main associations between damp housing and symptoms seem to remain after adjusting for the possible "complainer" eVect (exclusion of subjects with chronic complaints [3] [4] [5] or subjects with depression and stress 5 from the analyses). To control for reporting bias we used questions on currently symptomatic physician diagnosed diseases found to be specific and thus excluding false positive responses. On the other hand, the sensitivity of these questions was quite low and therefore it is possible that subjects with more severe disease were included. Subjects with current diseases may also be more aware of home dampness and more likely to remove the suspected harmful factor. In a cross sectional study this might result in a weaker association-or even a negative one-between exposure and the disease. Such a strong negative association was shown between pets, wall to wall carpets and current asthma and atopic diseases, apparently reflecting allergen avoidance undertaken by symptomatic subjects.
The inclusion of several confounding variables in the analyses did not change the main results. The independent negative relation between living on a farm and allergic rhinitis and conjunctivitis is in agreement with recent studies [18] [19] [20] [21] and could be explained by microbial exposure of farmer's children in early childhood and adolescence favouring a non-atopic phenotype. 22 Urban and rural non-farming environments were not related to the risk of disease, supporting the finding that outdoor pollution is not a significant risk factor for atopic disease. 23 Epidemiological studies in adults have shown comparable associations between home dampness and the occurrence of respiratory symptoms among allergic and non-allergic subjects, [3] [4] [5] suggesting that damp related symptoms in adults are not promoted by atopy. In the present study subjects with atopic heredity were at a greater risk of developing asthma when exposed to damp living. Sensitisation to pets in Scandinavia, 24 to house dust mites in a warm humid climate, 25 and to Aspergillus in the inland climate of Australia 26 have been reported for allergen related risk factors of asthma. In a study in young asthmatic children the combination of exposure to cats and home dampness multiplied the risk of sensitisation to cats. 27 In a recent Swedish case-control study in 25-44 year old subjects, sensitisation to Cladosporium and Aspergillus was more prevalent in damp dwellings and the sensitisation was related to current asthma. 28 These studies suggest that some factor directly or indirectly related to home dampness could enhance sensitisation and partly explain the subsequent asthma. The present finding of the interacting eVect of heredity and exposure to home dampness on the risk of asthma also suggests that the factor linking dampness and asthma might be sensitisation to pets, and even to house dust mite, in Finnish homes with dampness.
HOME DAMPNESS AND RESPIRATORY INFECTIONS
The independent positive association between home dampness and occurrence of common colds at least four times within the last year was established, even after adjusting for active and passive smoking. Visible mould, damp stains, and water damage were also a weak independent risk factor for respiratory infections of suspected bacterial origin such as pneumonia and otitis media, even though the impact of active smoking was stronger. Such an association was not established, however, when only more severe exposure to visible mould was considered. Although the risk of common colds related to home dampness was highest in subjects without atopic heredity, no significant interaction was found between common colds or other respiratory infections, home dampness, and atopic inheritance.
In earlier studies sore throat, 2 bronchitis, and common colds 5 have been associated with home dampness. These symptoms may represent chronic irritation, and reliability of the questions regarding the actual respiratory infections can be disputed. In this study we found that the number of days with antibiotic treatment during the last year correlated significantly with both categories of home dampness. In Finland antibiotics are not available without a doctor's prescription which, in turn, means that the doctor considered the infection to be of bacterial origin. The number of subjects with at least one respiratory infection and antibiotic treatment for at least 10 days was quite high which suggests that doctors easily diagnose prolonged respiratory infections to be of bacterial origin and that they prescribe antibiotics more than is necessary.
Non-specific inflammatory mechanisms promoted by cell wall components of moulds 10 12 and volatile organic compounds 11 excreted by moulds could explain the susceptibility to infection in homes with dampness. On the other hand, in the present study the greater risk of current asthma was not explained by the number of respiratory infections among asthmatic subjects (data not shown). In atopic and asthmatic subjects the pre-existing inflammation may be enhanced by non-specific inflammatory 12 and irritating 28 mechanisms induced by moulds. This could also explain the interaction between atopic heredity and home dampness on current asthma in the present study.
In conclusion, the results of this study suggest that home dampness at least maintains currently symptomatic asthma, 29 allergic rhinitis, and atopic dermatitis and increases the susceptibility to common colds and possibly to other respiratory infections. The interaction of factors such as atopy and atopic heredity with dampness deserves further investigation. Moreover, research on housing characteristics which determine the growth of moulds is needed to prevent indoor exposure to dampness.
